The current study was carried out to determine the constituents in ethanol extract of Curcuma mangga rhizomes and its immunostimulatory effects of the extract on cellular and humoral immunity of male mice. Determination of constituents in the extract was conducted using Ultra Performance Liquid Chromatography. The ethanol extract of Curcuma mangga was comprised to delayed-type hypersensitivity response and haemagglutinating antibody titre tests for its immunostimulatory potential. The test animal received extract at doses of 100, 200 and 400 mg/kg BW for 7 days after sensitized by bovine Red Blood Cells. Cellular response was measured by increase of paw volume, meanwhile humoral antibody response was determined by hemagglutination method. Quercetin was determined quantitatively in the extract by a validated reversed phase Ultra Performance Liquid Chromatography method. The footpad thickness and antibody titre of male mice after treatment with ethanol extract of Curcuma mangga were significantly higher as compared to negative control (P<0.05). The extract of Curcuma mangga at a dose of 400 mg/kg BW depicted stronger immnumostimulatory activity as compared to positive control. The result indicates that the ethanol extract of Curcuma mangga shows immunostimulatory activity, emphasizing its potential to be developed as a therapeutic agent.
INTRODUCTION
Human immune defense consists of two main categories which include innatae (non-specific) and adaptive (specific) immunity 1 . Adaptive immunity is different from the innate response as it is specific due to the presence of an element of memory. The humoral component of acquired immunity mainly is antibody-secreting plasma cells from the proliferation of antigen-stimulated B lymphocytes. The cellular immunity (also called: cell-mediated immunity (CMI) is primarily facilitated by thymus-derived small lymphocytes (T cells), which can be divided into T helper cells (Th) and cytotoxic T lymphocytes (Tc) 2 . Th lymphocytes play an essential role in immune response because they maximize the ability of the immune response by performing several functions, such as activating phagocytes by producing interferon gamma (IFN γ), stimulating T cytotoxic cells and increase the activity of natural killer (NK) cells. In addition, T helper cells activate B cells to secrete antibodies (immunoglobulins). Thereafter, immunoglobulins circulate in the lymph and the blood streams, bind to the antigens to enhance destruction by phagocytes 3 . A number of diseases can be treated by immune response modifiers; these include immunodeficiencies and autoimmune diseases like systemic lupus erythematosus and rheumatoid
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arthritis 4 . Immunomodulators are used to suppress or increase host immune responses in the treatment of those diseases 5 . Nowadays, there has been a big trend toward using natural products as immunomodulators 2 . The plants of family Zingiberaceae have been used in folk medicine 6 . Curcuma mangga is one of them which has been used to treat many ailments such as cancer, fever, and stomach disorders 7 . Previous studies have shown a wide array of biological activities of C. mangga, including antifungal, analgesic, anticancer, anti-inflammatory, antioxidant and nitric oxide inhibitory activities [8] [9] [10] . Curcuma mangga was found to contain various organic compounds, including polyphenols, flavonoids, triterpenes and sterols. This plant was reported to have curcuminoid as its major components, these include curcumin, demethoxycurcumin and bisdemethoxycurcumin 7, 11 . Others secondary metabolites may contribute to the pharmacological activity of C. mangga. Flavonoids have been reported to enhance the proliferation of lymphocyte 12 . Quercetin is in the class of flavonoids which has been reported to have antioxidant activity 13 . Our in vivo study reported that C. mangga increased phagocytosis ability of mice leukocytes 14 . However, it is necessary to elaborate its immunomodulatory activity on adaptive immunity. The current study was conducted to investigate the constituents in ethanol extract of C. mangga and its effects of on Delayed Type Hypersensitivity (DTH) response and antibody titres of male mice.
EXPERIMENTAL Materials
Several chemicals were used in this study, such as ethanol (SmartLab, Indonesia), Phosphate-buffered saline (PBS) (Sigma, USA), natrium carboxylmethlcellulose (Na CMC) (Sigma, USA) and levamisole (askamex®) (Soho, Indonesia). Quercetin (Sigma, USA) was used as a reference standard. A plestimometer (Shimadzu, Japan) and rotary evaporator (Heidolph VV-300, Germany) was also used in this study. Constituents determination was performed using Ultra Performance Liquid Chromatography (UPLC) from Agilent Technologies (US). Acetonitrile and methanol HPLC grade from Merck (US) were used to perform the UPLC analysis.
Plant Collection
The C. mangga rhizomes were collected from Medan, Sumatera Utara, Indonesia. Then, the plant was identified in Herbarium Medanense (MEDA), Universitas Sumatera Utara, Indonesia.
Extraction Procedure
The rhizomes materials were washed and dried to obtain simplicia. An amount of 500 g simplicia was ground and extracted with maceration method. Ethanol was used as a solvent, at the ratio of sample: solvent was 1:10 (w/v). The residue was macerated twice, then the filtrate was combined. The extract of C. mangga was obtained after removing the solvent using a rotary evaporator to yield 38.4 g, 10.95% w/w.
UPLC Quantitative Analysis of the Ethanol Extract of Curcuma mangga
Determination of constituents in C. mangga extract was performed using reversed-phase UPLC by the modified method of Ang et al. (2014) 15 . The extract and quercetin as a standard were prepared in methanol with a concentration of 20 and 1 mg/mL , respectively. Thereafter, the sample and standard compound were filtered using PTFE membrane (0.45 µm) and subjected to C-18 column Eclipse Plus (100 mm × 4.6 mm i.d., 3.5 µm) using mobile phase which consist of acetonitrile (A) and water (B) and eluted isocratically with 40% A and 60% B for 5 min at a flow rate of 1.3 mL/min with DAD as a detector, at wavelength of 370 nm. Qualitative analysis was performed by comparing the spectra and retention time of the peak extract and those of the standard. Meanwhile, the compound in the extract was quantified by plotting calibration curves of quercetin as a standard with six concentrations ranging from 100, 50, 25, 12.5, 6.25 and 3.125 µg/mL. The method was validated by determining linearity, precision, limits of quantification (LOQ) and detection (LOD) as reported by the previous study 16 . The precision of the method was determined by inter-assay and intra-assay validation. The correlation coefficient (r2)
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indicated the linearity. LOQ and LOD were calculated from the relative standard deviation (RSD) and slope (S) of the calibration curves by the following the formula: LOD = 3.3 x (RSD/S) LOQ = 10 x (RSD/S) Delayed-Type Hypersensitivity (DTH) Response The effect of the extract on DTH response was evaluated by the significantly decrease or increase in paw volume following modified method of Mubashir et al. (2013) 17 . Prior to treatment with extract, mice were subcutaneously injected in hind foot pad with 1% in PBS of bovine RBCs for sensitization. Then, the animals received C. mangga extract at doses of 100, 200, 400 mg/kg BW for 7 days. The animals in the negative control group were treated with vehicle (Na CMC 0.5%) only. The positive control used in this study was levamisole (25 mg/kg BW). On day 7, the volume of paw mice was measured by plestimometer, then, all the animals were challenged by a subcutaneous injection of the same amount of bovine RBCs in the hind footpad. The cellular mediated immunity was measured at 24 hours later on day 8 in terms of increase in paw volume. The DTH response was expressed by the mean increase of paw volume. The approval to use animal was obtained from the Animal Research Ethics Committees of Universitas Sumatera Utara (approval number 581/I(EPH-FMIPA/20I7).
Haemagglutinating Antibody Titre (HAT)
The effect of the extract on humoral antibody response was evaluated by hemagglutination antibody titre method as described previously with slight modification 17 . Prior to treatment with extract, mice were injected by bovine RBCs for immunization. Then, the animals received C. mangga extract at doses of 100, 200, 400 mg/kg BW for 7 days. The animals in the negative control group were treated with vehicle (Na CMC 0.5%) only. The positive control used in this study was levamisole (25 mg/kg BW). On day 7, blood samples were collected in microliter tubes from vein tail for HA titre determination. The blood samples were centrifuged and the serum was separated. The titre was determined by titrating serum dilutions with bovine RBCs. Haemagglutination was observed visually. Mean log of antibody titre [2(log titre) + 1] was calculated to compare the results.
Statistical Analysis
The SPSS version 15.0 was used for data analysis using a one-way analysis of variance (ANOVA) and followed by Tukey post hoc test with P<0.05 as consideration of different significantly.
RESULTS AND DISCUSSION

UPLC Quantitative Analysis of the Ethanol Extract of C. mangga by UPLC
Curcuma species has been well studied to have curcuminoid as its major constituents 7, 11 . However, others secondary metabolites may present in C. mangga and contribute to its pharmacological activity. Therefore this study may give new insight into the knowledge. This study found that C. mangga rhizomes contained a low amount of quercetin UPLC reversed-phase method. The chromatogram of the ethanol extract of C. mangga showed a peak of quercetin with retention times at 1.57 min. The peak was compared to reference standards of quercetin with retention times at 1.59 min (Fig.-1) . Quantification analysis showed the amount of quercetin as 3.73 µg/mL. Correlation coefficient (r2) of 0.9910 was obtained with the concentration range of 100-6.25 µg/mL. The % RSD values for interday assay precision of peak area and retention time for quercetin were 6.23 and 0.32% respectively. Whereas the % RSD values for the intraassay precision of peak area and retention time for quercetin were 0.74 and 0.47% respectively. These values demonstrated the reproducibility of the results. Limit of detection (LOD) and limit of quantification (LOQ) were found to be 0.32 and 0.96 µg/mL, respectively.
Delayed-Type Hypersensitivity (DTH) Response
Delayed-type hypersensitivity (DTH) response is a cellular immune response which facilitated by activation of T lymphocytes and followed by releasing cytokines. In turn, cytokines activate
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macrophages to initiate inflammation (defensive) response which is indicated by paw edema formation [18] [19] . The activity of C. mangga extracts on DTH response of mice was evaluated by paw volume. The enhanced of paw edema formation indicates the increment of DTH response of mice immune cells. The stimulation of cellular mediated immunity of C. mangga was in a dose-dependent manner. The footpad thickness (∆V) after treatment with various doses of C. mangga extract was higher as compared to negative control (P<0.05) ( Table-1 control, Levamisole. Levamisole was used as a positive control. The result was in accordance with the previous study which showed the ability of C. mangga methanol extract to increase the phagocytosis response by in vitro and in vivo study 14, 20 .
Humoral Antibody Titre
The antibody titre was determined to evaluate the humoral response against bovine RBCs. Humoral responses result in the production of proteins, known as antibody reactive with a particular antigen. Levels of antibody in serum can be determined as antibody titres. The antibody was cross-linked with red blood cells leading to agglutination 14 . Antibody titres expressed as the reciprocal of the highest dilution of the sample that still causes agglutination 21 . The ethanol extract of C. mangga demonstrated high stimulation on antibody formation as compared to negative control (P<0.05). Surprisingly, ethanol extract at a dose of 400 mg/kg BW displayed higher stimulation on antibody formation with an antibody titre of 6.33 ± 0.12 than levamisole as a positive control (antibody titre of 4.25 ± 0.38). Fig.-2 shows the dosedependent effect of ethanol extract of C. mangga on humoral antibody response. Table- 
CONCLUSION
The UPLC analysis showed the presence of low amount of quercetin in ethanol extract of C. mangga rhizomes. The Curcuma mangga extract was able to modulate the cellular and humoral mediated immunity especially T lymphocytes activity and antibody formation. The extract at a dose of 400 mg/kg * * * *
